We study the production of a single charged slepton in association with a top quark in a R-parity violating supersymmetric model with lepton number violating interactions at the Large Hadron Collider. We find that the longitudinal polarization asymmetry of the top quark in such a production mode is significantly different from that in the production of a single top or a top pair in the Standard Model for a wide range of slepton masses. Our signal analysis shows that the top-slepton associate production leads to final states with distinct kinematic signatures, which differ from the Standard Model background.
Introduction
The most promising candidate theory beyond the Standard Model (SM) remains supersymmetry (SUSY), which resolves some of the shortcomings of the SM such as the gauge hierarchy problem. In many supersymmetric models, a discrete multiplicative symmetry [1] , R-parity, defined by R p = (−1)
3B+L+2S with spin S, baryon number B, and lepton number L, is often imposed on the Lagrangian to conserve B and L. The definition implies that all the SM particles have R p = +1, while all the superpartners are odd under this symmetry. This conservation is, however, not dictated by any fundamental principle such as gauge invariance or renormalizability.
The most general superpotential in SUSY, which respects the gauge symmetries of the SM, contains bilinear and trilinear terms, which do not conserve either B or L and are given by interactions. The co-existence of the L-and B-violating interactions leads to phenomenological difficulties unless R-parity violating (RPV) couplings are very small: the simultaneous presence of both L-and B-violating operators could lead to a very rapid proton decay, especially for TeV scale sparticle masses. Thus, the products of the L-and B-violating couplings are strictly constrained [2] . In phenomenological studies usually only one type of interaction, either L-or B-violating, is considered. This can be realized, for instance, by imposing a discrete (Z 3 ) symmetry [3] . The RPV couplings can also lead to small neutrino masses, which are automatically generated either at tree-or loop-level [4] . For a comprehensive review of RPV interactions, see [5] . Constraints on the RPV couplings have been obtained by various analysis, for review see [5, 6] .
RPV interactions can lead to new production mechanisms for single top quarks. Associate production of single top quarks in SUSY models with RPV interactions have been extensively studied for several processes, see e.g. [7, 8] . In these processes, top quarks are produced via L-or B-violating Yukawa type couplings given in Eq. (1) . An important property of the top, in contrast to lighter quarks, is that its spin is observable since it decays before hadronization, owing to its extremely short lifetime. In the SM single top quarks are produced through the parity violating weak interactions, leading to highly polarized top quarks [9, 10] . The polarizations of the top quarks produced through RPV interactions and the SM would be different, since different chiral structures are involved in the interaction vertices. Effects of RPV interactions on polarized single top production and CP odd observables associated with top quark spin have been studied at a leptonic collider [11] . Polarization of top quark produced in the process dd → tt through RPV interaction has been addressed at the Tevatron [12] and the Large Hadron Collider (LHC) [13] . Even in parity conserving QCD, though the top is produced unpolarized, the spin of the top is correlated with that of the antitop for top pair production processes. Searches for new physics by using top spin correlations (e.g.
see [14] and references therein) and single top polarization [15] have been studied.
In this work, we study single charged slepton production in association with a top quark at the LHC through the interaction λ ′ i3k L i Q 3Dk in Eq. (1), which violate lepton number by one unit. Written in terms of the component fields, the relevant terms for the above superpotential lead to the interaction Lagrangian
where the superscript "c" in the above equation represents the charge conjugation of the
These interactions lead to the production process gd k → tl i , which we investigate in this work. The same process has been considered in [7] , but the polarization of the top quark has not been investigated there. In this work, we investigate the effects of RPV couplings on the polarization asymmetry of the top quark, which is the (normalized) difference between the number of produced tops with spin up and spin down. We also show, how the properties of a polarized top are reflected in the decay products by performing a detailed signal analysis.
We focus on leptonic decays of the top, which will have the cleanest signals at the LHC. We also highlight special kinematic variables, which are sensitive to polarization effects and can lead to hints about the nature of the new physics that plays a role in the production of a single top.
In Section 2 we discuss the top polarization and give the basic framework of our calculations using the spin density matrix. In Section 3 we present helicity amplitudes and the polarized cross sections for the process that we study at LHC. In Section 4 we show results for the signal and SM background analysis and present the LHC reach for the signal in Section 5. We summarize in Section 6.
Top polarization and the spin density matrix
With a large mass of ∼ 173 GeV [16], the top quark has an extremely short lifetime, calculated in the SM to be τ t = 1/Γ t ∼ 5 × 10 −25 s. This is an order of magnitude smaller than the hadronization time scale, which is roughly 1/Λ QCD ∼ 3 × 10 −24 s. Thus the top decays before it can form bound states with lighter quarks [17] . As a result, the spin information of the top, which depends on its production process, is reflected in characteristic angular distributions of its decay products. Even if the top were to form hadrons, the spin flip time scale induced by QCD spin-spin interactions between the top and light anti-quark, is of the order of m t /Λ 2 QCD , which is much larger than τ t . Thus the degree of polarization of an ensemble of top quarks can provide important information about the underlying physics in its production, apart from usual variables like cross sections. For a review on top quark physics and polarization see [18, 19, 20] .
Top spin can be determined by the angular distribution of its decay products. In the SM, the dominant decay mode is t → bW + , with a branching ratio (BR) of 0.998, with the W + subsequently decaying to ℓ + ν ℓ (semileptonic decay) or ud, cs (hadronic decay). The angular distribution of a fermion f for a top quark ensemble in the top rest frame has the form [21] 1
where Γ f is the partial decay width, θ f is the angle between the direction of the motion of decay fermion f and the top spin vector, in the top rest frame and
is the degree of polarization of the top quark ensemble, where N ↑ and N ↓ refer to the number of positive and negative helicity tops, respectively. The coefficient κ f is called the spin analyzing power of f and it is a constant between −1 and 1. Obviously, a larger κ f makes f a more sensitive probe of the top spin. At tree-level, the charged lepton and d quark are the best spin analyzers with κ ℓ + = κd = 1, while κ ν ℓ = κ u = −0.30 and κ b = −κ W + = −0.39 [21, 22, 23, 24] . Thus the ℓ + or d have the largest probability of being emitted in the direction of the top spin and the least probability in the direction opposite to the spin. As mentioned in the introduction, at the LHC leptons can be measured with high precision. Therefore, in this paper we focus on leptonic decays of the top quark.
Let us consider a generic process of top production and its subsequent semileptonic decay AB → tX → bℓ + ν ℓ X, where X = P 1 P 2 · · · P n−1 and P i (i = 1, · · · , n − 1) are the other produced particles. Since Γ t /m t ∼ 0.008, we can use the narrow width approximation to write the cross section as a product of the 2 → n production cross section times the decay width of the top. However, in probing top polarization using angular distributions of the decay lepton, it is necessary to keep the top spin information in production and decay, thus requiring the spin density matrix formalism. The amplitude for AB → t(λ)X → bℓ
where M P,D (λ) are the amplitudes for the production and decay for an on-shell top with helicity λ = ±1. Thus, the amplitude squared is of the
where
are the 2 × 2 top production and decay spin density matrices. The off-diagonal elements encode the quantum mechanical interference between the production and decay amplitudes, which prevent a simple factorization of the process as a product of production and decay squared amplitudes,
where the spin information of the top is lost.
We consider the cross section of the 2 → n production. As in [15] , the most general polarization density matrix can be parameterized as a linear combination of the Pauli matrices
where σ(λ, λ ′ ) is the cross section of 2 → n process of the top production at parton level with denoted spin labels and σ tot = σ(+, +) + σ(−, −) is the total cross section. The (1, 1) and (2,2) diagonal elements are the cross sections for the production of positive and negative helicity tops and η 3 gives the degree of longitudinal polarization
The off-diagonal elements involving η 1 and η 2 are the cross sections for transversely polarized tops. The degree of transverse polarization parallel and perpendicular to the production plane are given by
By measuring the angular distributions of the decay lepton in the top rest frame (which requires reconstructing the top rest frame) analytic expressions for the η's can be obtained by a suitable combination of lepton polar and azimuthal asymmetries (see [15] for details).
However, at a hadron machine like the LHC, reconstruction of the top rest frame will be challenging leaving ambiguities in the measurement of such observables. Thus, the final state kinematics, as discussed later, will be of utmost importance in the top events.
3 Top-Slepton Production and Decay
Density Matrix for Top-Slepton Production
In this subsection we derive a density matrix for the process of single top production in association with a charged slepton in R-parity violating SUSY. At the parton level the process is given by
which just employs the RPV part of the Lagrangian λ
. The relevant leading order diagrams are given in Fig. 1 . Two diagrams contribute to the production process in Eq. (9) with the down-type quark (d k ) in the s-channel and the top-quark in the t-channel as shown in Fig. 1 (a) and Fig. 1 (b) , respectively.
The possible set of couplings one can probe with the process given by Eq. (9) is Figure 1 : The Feynman diagrams contributing to the top-slepton production at the parton level at LHC via RPV couplings.
Some of the above couplings are strongly suppressed and so we can make a case out of each such coupling that is allowed in a range, which gives significant cross section at the LHC.
For a summary of the various bounds on the above couplings see [5, 7] .
As discussed in the previous section, to study the polarization properties of the top quarks produced at LHC we need to keep the spin information of the top as shown in Eq. (5). One can do that by writing down the helicity amplitudes for the process given by Eq. (9). The top polarization depends on the choice of spin quantization axis. Choices other than the helicity basis have been used in which the top is almost 100% polarized [10] . These are useful for low velocity tops produced near threshold and are relevant at the Tevatron. At the LHC, since we expect that the tops will be highly boosted, we choose the helicity basis.
Denoting the helicity of the gluon, top and massless down-type quark d k as h, λ t and λ d k respectively, the non-zero s-channel amplitudes are
while the non-zero amplitudes for the t-channel are
where s and t are the parton level Mandelstam variables and E t , p t and θ are the energy, momentum and scattering angle of the top in the parton center-of-mass frame and m t , λ l are the top quark mass and SU(3) color matrices, while g s is the QCD coupling constant.
Using these helicity amplitudes the elements of the top production spin density matrix can be constructed. We find the following compact expressions for ρ(λ, λ ′ ):
with the various functions defined by
),
,
Here m ℓ is the slepton mass and the angular dependence in t is given by
where A plot of the cross section for top-slepton production is shown in Fig. 2 as a function of the slepton mass, with d and s quarks in the initial state. Similar plots for the cross sections can also be found in [7] . The strong constraints on the λ ′ i33 < O(10 −4 ) [7] coupling indicate that there cannot be any significant production cross section at LHC for the process induced by b quarks in the initial state. To illustrate the cross sections, we have used a fixed value of 0.2 for the contributing RPV couplings, which in this case are λ ′ i31 and λ ′ i32 for d and s quarks, respectively. We show the cross sections for two different center-of-mass energies at which the LHC is now planned to run, viz. 7 TeV and 14 TeV. For the same strength of RPV coupling, the cross sections for the d quark induced process ( Fig. 2 (a) ) dominates the s quark induced process (Fig. 2 (b) ) by nearly an order of magnitude, which is quite expected because of the large flux of d quarks compared to that of s quarks in the proton parton distribution. For our analysis, we have chosen the leading order parton density function (PDF) sets of CTEQ6L [25] for the colliding protons.
The (t d k ℓ) vertex is proportional to the projection operator P R = (1 + γ 5 )/2 and thus has a chiral structure different from the vector and axial vector interaction vertices for tbW and ttZ 0 . The latter are relevant for tW, tb and tt productions which are the dominant modes of top quark production at the LHC. We thus expect a different longitudinal polarization asymmetry given by Eq. (7) for top-slepton production, compared to the associated tW production via gb → tW and the top pair production processes dominated by the gg,→ tt or the W exchange process for tb production in the SM. For tW production we find P t ≃ −0.25; for tb production at LHC energies P t ≃ −0.68, while P t ≃ O(−10 −4 ) for tt production.
We have used the Madgraph+MadEvent [26] package to estimate these asymmetries for the SM processes. The very small value for the tt mode is quite expected as the dominant contribution comes from the gluon induced process which does not have any axial component in the coupling. In Fig. 3 we plot the polarization asymmetry P t given by Eq. (7) d and s quark induced processes. It is worth noting that at the tree-level, P t is independent of the RPV coupling λ ′ i3k which cancels out, but is still sensitive to the cross sections. So although the λ ′ i32 induced process shows slightly larger values for the asymmetry, it would be with limited statistics. However, the more interesting thing to note is that this asymmetry is significantly different from what one expects in the SM processes and also of opposite sign (due to the P R coupling), which forms the main thrust of this work. We see that for low values of the slepton mass, the polarization asymmetry can be as large as 0.33 and remains consistently positive for slepton masses ≤ 850 GeV. Another interesting feature is that the top polarization changes sign for a slepton mass of around 870-900 GeV. Thus a measurement of the sign of the longitudinal polarization asymmetry can prove to be a useful test for distinguishing top-slepton production from associated top production modes in the SM. Also, such a distinct value of the polarization asymmetry compared to the dominant mode of top quark production in the SM would imply that the asymmetry would leave an imprint in the distributions of the decay products as well as some distinct correlations in kinematic variables. This would also give an extra handle in suppressing the SM background.
The decays of the top quark and heavy slepton
In this section we discuss the decay of the top quark and the heavy slepton, needed to analyze the distinct final states, which we are interested in. As mentioned previously, the leptonic channel has the most sensitive analyzing power for the top quark polarization. The leptonic decay mode is further favored because of its cleanliness at the LHC. The respective branching ratios for top decays are well known, but we give the expressions for the top decay density matrix for completeness, which relates the decays to the 2 → 2 production process via Eq. (5). The top decay density matrix for the process t → bW + → bℓ + ν ℓ can be written in a Lorentz invariant form as
for the diagonal elements and
for the off-diagonal ones. Here the n 
Note that for the scalar slepton, the spin density matrix for its decay becomes trivial.
The respective partial widths for each decay mode are given below:
The entries in the partial decay widths given by Z j2 , Z j1 correspond to the elements of the mixing matrix of the neutralinos, while U ji represent the elements of the chargino mixing matrix. So, the respective branching ratios will depend on the SUSY parameters and the choice of RPV couplings. The lightest supersymmetric particle, which in our case is the neutralino is no longer stable in the RPV version of the model and will decay within the detector to SM particles via RPV couplings. The lightest neutralino has a 3-body decay [27] through the λ ′ i3k couplings and being a Majorana fermion gives the decay products
with equal probabilities. Note that we have assumed that the lightest neutralino is always lighter than the top quark and so its 3-body decay mode to a charged lepton-top quark and down quark (ℓ i td k ) is kinematically disallowed.
Signal Analysis
We now focus on the final states for our analysis and the dominant SM background contributing to such a final state. A quick glance at the decay modes suggest various possibilities to consider. As the slepton can decay to a lepton and a neutralino via R-parity conserving mode, it would be the most desirable decay mode at LHC. To present our numerical results
we assume a single non-zero RPV coupling given by λ ′ 231 which fixes the initial quark d k in the production process as the d quark. Also with this choice we consider only the smuon ( µ L ) production in association with the top quark at LHC. We further assume that the charginos are much heavier than the sleptons and do not contribute in the decay of the smuon. We list below the possible combinations for the final states coming from the decay of the smuon and top quark.
• t decays to 1 b-jet and 2 light jets (J) and µ L decays to a µ − and χ 0 1 .
-µ − + 2b-jets + 3J + E / T .
• t decays to 1 b-jet and 2 light jets and µ L decays to at and d quark.
-2b-jets + 5J (t decays hadronically).
-ℓ − j + 2b-jets + 2J + E / T (t decays semileptonically).
• t decays to 1 b-jet, ℓ + k and a neutrino while µ L decays to a µ − and χ 0 1 .
• t decays to 1 b-jet, ℓ + k and a neutrino while µ L decays to at and d quark.
-ℓ + k + 2b-jets + 3J + E / T (t decays hadronically).
-ℓ − j ℓ + k + 2b-jets + 1J + E / T (t decays semileptonically).
As pointed out earlier in Section 2, the effects of top polarization are more sensitive through the lepton in its semileptonic decay mode. In addition we hope to understand the leptonic signal at the LHC with much better precision compared to signals with large hadronic activity. Also extra efforts are in place to study the b-jets at LHC with greater efficiency. Keeping this in mind, we focus on triggering upon the dilepton final state with two b-jets and large missing transverse momenta with no light quark jets. We do not consider triggering on a light jet in the signal, since the light jet comes from the 3-body decay of the neutralino and is expected to be soft. Such a soft jet will not help against the SM background as one naturally expects a lot of associated soft jet multiplicity at LHC due to radiation. We also consider the two leptons to be of different flavor which makes the signal more distinct and robust. So the signal in question would be
The most dominant SM background would come from the tt production as well as triple gauge boson (TGB) production (W W Z) where the Z decays to bb. The TGB background can be brought under control by a cut on the invariant mass of bb. So we mainly focus on the tt background. It is also of interest to consider the tW background as we would like to focus on the effect of top polarization on the signal and compare it with the dominant SM sources for a similar final state given in Eq. (20) . For our analysis we choose two different representative points in the SUSY parameter space given in Table 1 . We list only the relevant inputs and the masses needed for our analysis. They represent a light and heavy smuon which will highlight, how the different kinematics help in distinguishing the signal from the background as well as the effects of top polarization on the distributions. 0.2 0.5 Table 1 : Representative points in the MSSM parameter space and the relevant mass spectrum used in the analysis. All mass parameters are given in units of GeV. To generate the mass spectrum for the supersymmetric particles we have used the code Suspect [28] .
events for the final state given by Eq. (20) and study the effects of top polarization on the kinematics, we are required to keep the spin information of the top quark in its production and decay. For this purpose we have used the package Madgraph+MadEvent [26] with its explicit use of helicity amplitudes. We have included the relevant vertices for the RPV interactions and used this package to calculate the signal as well as the SM background, namely the final states coming from the tt and tW production. We must point out here that the tW background is only considered for the purpose of comparing the distributions of the top decay products to highlight the polarization effect due to different interaction vertices involved in its production.
For triggering on the final states, we set the following kinematic cuts
• The charged leptons must have a minimum p T of 10 GeV and lie within the rapidity gap given by |η ℓ | < 2.5.
• The b-jets in the final state must satisfy p T > 20 GeV and respect the rapidity cut of
• The final states must account for a minimum missing transverse energy, E / T > 50 GeV.
• To ensure proper spatial resolution between the final state particles we demand that With this set of kinematic cuts we calculate the signal for the two representative points given in Table 1 . We have assumed a b-jet identification efficiency of 50%. We must point out here that for our parton-level analysis, the b-jet is represented by the parent b-quark produced in the final state. Since the signal is sensitive to the strength of the RPV coupling, whose limits are dependent on the squark masses, we use conservative values for the couplings by setting the squark masses to 1 TeV. For our choice of the RPV couplings listed in Table 1 , we find that the signal satisfying the above set of kinematic cuts at LHC with the initial run of √ s = 7 TeV, is 4.3 fb for m µ L = 205 GeV, while it is 8.4 fb for m µ L = 502 GeV. The main decay modes that contribute to the signal depend on the respective branching ratios.
The branching ratios for the two cases are given by
For the lighter smuon, the signal is completely dominated by the contributions coming from the R-parity conserving decay of smuon. Although the RPV decay is around 24%, the small branching fraction for the top quark decay to the leptonic mode makes its contribution very small. However, for the heavier smuon the RPV decay is 90% and hence contributes significantly to the final states. In fact we find that it contributes to about 58% of the signal.
For the 14 TeV collisions at LHC with the same kinematic cuts on the events, there is a significant increase in the signal, which is around 13.2 fb for m µ L = 205 GeV while it is 48 fb for m µ L = 502 GeV. In comparison to the signals, we find that the SM background for the same kinematic selection cuts, is very large with the tt contributions at leading order (LO) coming out to be ∼ 145 fb for the 7 TeV machine while it is ∼ 780 fb for the 14
TeV collisions. The K-factors for both the signal and background will help in reducing the uncertainties in the statistics. However even with the LO results of the signal, one can see that with a high luminosity of 100 fb −1 , the signal can be significant.
It is also worth noting that as the muon in the final state comes from a heavy smuon, it will have a larger p T compared to the muon which comes from the decays of W boson in the SM. So a stronger p T cut for the muon in the final state will also help in reducing the SM background [7] . As an estimate we put a stronger cut on the muon by choosing p µ T > 40 GeV at the √ s = 7 TeV collisions. The signal becomes 3.2 fb and 6.4 fb for the light and heavy smuon, respectively. But there is a much stronger suppression for the SM background coming from tt, which becomes 80 fb at the LO. This increases the significance of the signal a lot. In fact a much stronger p T cut on the muon is desirable for the heavy smuon signal which would be very effective in reducing the large SM background [7] . We discuss more on the effects of various kinematic cuts on the signal and background at the LHC in Section 5.
Let us now try and see what effect the strong polarization asymmetry (Fig. 3) for the associated top production at LHC via the chirality violating coupling λ ′ 231 has on the final states. In Fig. 4 we show the distribution of particles which come directly from the decay of the top quark. In Fig. 4 (a) we plot the spatial separation (∆R) in the (η, φ) plane between the leading b-jet (b 1 ) and the electron, coming primarily from the top quark decay, for the signal and the SM background. The normalized distributions show that there is a significant difference in the distributions for the decay products of the top quark for the signal when compared with the SM subprocesses. The difference is much better highlighted in the ∆φ distribution as shown in Fig. 4 (b) . This shows that a ∆φ difference is a clear highlight of the top polarization effect on the distributions. Although it does not give a direct estimate of the polarization of the top quark, it gives a very clear indication of its importance as a probe to study the effect of a chirality violating coupling responsible for its production when compared to SM. We find that the above distributions do not change much for muon p T cuts of less than 40-50 GeV. However much stronger p T cuts on the muon result in events with highly boosted tops which significantly affect the angular correlation.
In Fig. 5 we show a few kinematic distributions, which are sensitive to the muon energy as well as to the nature of the mother particle it comes from. In Fig. 5(a) we plot the normalized cross section with respect to the ratio between the energy of the muon and the sum of the energy of the muon and the sub-leading b-jet, E µ /(E b 2 + E µ ). This is a variable which directly reflects the energy strength of the muon in the smuon decay chain. As the sub-leading b-jet dominantly comes from the 3-body decay of the neutralino, this ratio will always peak for values greater than 0.5 as the muon comes from the primary decay of smuon and carries energy depending on the mass difference between the smuon and neutralino. The SM background contribution to this ratio is peaked for values less than 0.5 since the muon in this case comes from the decay of the W boson, while the sub-leading b-jet always comes from the top decay. The ratio, however, does depend on the relative mass differences as is evident from Fig. 5 (a) which shows the sharp shift in the value for the heavier smuon as compared to the lighter smuon. The ratio will also be sensitive to the p T cuts. Nevertheless, it is an effective variable to distinguish the signal from the SM background. between the direction of the muon in this frame with respect to the boost direction of the muon plus b-jet system. We find that this variable is quite sensitive to the nature of the mother particle of the muon. As shown in the figure, both for the tt and the tW backgrounds the muon, which always comes from the decay of the W boson, is peaked for cos θ * b 1 µ > 0 while it peaks for cos θ * b 1 µ < 0 for the case when it comes from the decay of the scalar particle ( µ L ). This gives a very clear hint of the different nature of the spin of the particle, if not the spin itself. It will be interesting to see if this variable can help to distinguish between signals of universal extra dimensions model, which is often called the "bosonic" SUSY. One could also consider various asymmetries in the above variables, which can also prove to be useful tools in distinguishing the signal from the SM background.
We have till now focused only on the R-parity conserving decays of the smuon to highlight the signal. However, the muon can also come from the semileptonic decay of the top quark, if the RPV decay dominates as is the case for m µ L = 502 GeV. We now focus on how (Fig. 4 (b) ). In (b)
we show the angular variation of the µ (Fig. 5 (b) ).
this may affect the distributions. As already stated before, the distributions shown in Fig.   4 represent the decay products of the top quark and are, therefore, not affected as long as the top quark is produced in association with the slepton. To show this, we plot the normalized distributions again for m µ L = 502 GeV in Fig. 6 (a) where we consider both the R-parity conserving decay given by µ cut-1 Table 2 : Different choices for kinematic cuts on the final states µ − e + bb + E / T + X to study the LHC reach.
Thus both the muon as well as the electron carry the information of the chirality violating vertex of the t andt with the µ L . The other plot (Fig. 5 (b) ) which represents the spin information of the mother particle should however change since the muon now comes from the semileptonic decay of the anti-top quark and should be similar to the tt contribution.
This, in fact turns out to be same when considered separately as shown in Fig. 6(b) . This clearly shows that the angular distribution shown is directly sensitive to the nature of the mother particle it originates from.
Signal potential at the LHC
In this section we discuss the signal potential for the single slepton production at the LHC.
As the dominant background comes from the tt production, we would like to see which cuts would be relevant for suppressing the background without affecting much of the signal cross section. The most important kinematic variable turns out to be the muon transverse momentum. The muon coming from the primary decay of the smuon has a large p T as compared to the muon coming from the semileptonic decay of the top quark. Also most of Table 3 : The leading order cross sections (in fb) for the kinematic cuts listed in Table 2 on the final states µ − e + bb + E / T + X for the signal and the SM background. No efficiency factors included for the b-jets in this table.
the kinematic variables described in the previous section depend on our cut on the muon p T .
So our choice of the transverse momenta cut on the muon also becomes quite relevant for studying the top polarization effects, since the angular correlations (in the decay products) are likely to get washed away for very boosted top quarks.
In Table 2 , we list different set of kinematic cuts with changes in the cuts for the muon p T and the ∆φ b 1 e variable and show at what significance the signal can be observed at LHC. The cut-1 corresponds to the minimal set where we have the distinct correlation in the azimuthal angular distributions highlighting the top polarization effects as shown in Fig. 4 . The cut2a and cut-2b represent strong p T cuts on the muon of 60 GeV and 100 GeV respectively, while cut-3 corresponds to a ∆φ b 1 e < 1.5 cut (to exploit the large asymmetry seen for SM in Fig. 4(b) for cut-1) to reduce the SM background. The cuts defined by cut-4a and cut-4b again represent strong p T cuts on the muon of 60 GeV and 100 GeV respectively, with the additional cut of ∆φ b 1 e < 1.5.
In Table 3 we give the total cross section for the final states µ − e + bb + E / T + X for the signal for two values of the smuon mass and also the SM background at LHC with the different kinematic cuts listed in Table 2 . We can see that the strong cuts on the p T of muon turn out to be most effective in improving the significance of the signal. We have not included any b-tagging efficiency factors for the cross sections given in Table 3 . Including a b-tagging efficiency of 50% one can find that for the case of smuon of mass 205 GeV and with cuts given by cut-2b and cut-4b in Table 3 which also have strong suppressions for the signal. In Fig. 7 we plot the significance as a function of the RPV coupling λ ′ for the smuon of mass, m µ L = 502 GeV. It is important to note here that both the production cross section for the single top production with the smuon and the decay properties of the smuon depend on the value of λ ′ . For small values of λ ′ the R-parity conserving decay of the smuon
) is the primary source for the signal. However, as the RPV coupling becomes larger, the RPV decay mode of the smuon ( µ L →td) becomes the dominant source for the signal and the muon then mostly comes from the semileptonic decay of the anti-top. This would mean that a strong p T cut on the muon also causes suppression of the signal for large λ ′ coupling. This is illustrated in Fig. 7 where we have chosen the integrated luminosity as 10 f b −1 . We find that the significance for the strong cut on the muon p T > 100 GeV (cut-2b) becomes comparable to cut-1 for larger values of λ ′ as compared to smaller values of λ ′ . It is also found that the cut on the variable ∆φ b 1 e (cut-3) also gives a reasonably high significance, but is not as effective as the cut on the muon p T .
Summary
We have studied the single production of a slepton in association with a top quark at the LHC.
Our analysis has focused on describing the effects of the top polarization on the particular signal of an associated charged slepton and we have shown that the Lorentz structure at the production vertex for the top can lead to very distinct signals, which have not been considered in the literature. We find that the polarization asymmetry is significantly different from the SM expectation for a very wide range of slepton mass accessible at the LHC. However, the work relies on violating R-parity in SUSY so that we can produce a single slepton. A natural extension to this work would be to look at the associated production of top with charged Higgs [29, 30] which would be challenging as the leptonic mode (first 2 generations) of decay is suppressed. However, as seen in Fig. 6 (a) , the top polarization effects would still show up in some kinematic distributions. Another interesting variable that we have found through our analysis is the cos θ * variable for a final state particle. It is found to be sensitive to the spin of the mother particle it originates from. It would be interesting to study this variable in order to distinguish models, which predict particles with different spins.
In our numerical analysis we have chosen only one non-zero λ ′ coupling. This study can also be replicated for other λ ′ couplings, leading to different final states. However, the interesting kinematic features studied and highlighted for the final states would still hold and can prove to be useful tools in constraining the RPV couplings. 
